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COMPUTER PROGRAMMING LANGUAGE 
STATEMENT BUILDING AND 

INFORMATION TOOL WITH NON 
OBSTRUCTING PASSIVE ASSIST WINDOW 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application is a continuation of US. patent 
application Ser. No. 09/391,057, ?led Sep. 7, 1999, now 
US. Pat. No. 6,311,323 Which in turn is a continuation of 
US. patent application No. 08/863,822, ?led on May 27, 
1997, Which issued as US. Pat. No. 6,026,233 on Feb. 15, 
2000. 

FIELD OF THE INVENTION 

This invention relates to the ?eld of computer program 
ming tools and in particular to an intelligent real time tool to 
assist a computer programmer during the Writing, evalua 
tion, and/or maintenance of a computer program. 

PROBLEM 

TWo related problems exist in the ?eld of computer 
programming that include, but are not limited to, generating 
a computer program quickly and accurately on a ?rst 
attempt, and maintaining a computer program With a mini 
mal amount of effort once a computer program exists. The 
tWo related problems exist due to many factors that include, 
but are not limited to, the increasing complexity of computer 
programs generally, the architectural modularity of com 
puter programs, and the increasing distribution of program 
mers that are contributing to a common program across 

campuses, countries, and even continents. Each of these 
factors places a premium on the ef?ciency of a programmer 
Whose role is to develop and/or maintain a computer pro 
gram. 

It is a problem for a computer programmer to generate a 
computer program in a high level programming language 
quickly and accurately on a ?rst attempt. To generate a large 
and/ or complex computer program, the programmer must be 
able to enter computer programming language statements 
quickly and accurately in a traditionally manual process that 
is also referred to as “Writing code” or “coding”. The process 
of entering computer programming language statements is 
typically done one keystroke and one statement at a time by 
Way of a typewriter style keyboard input system that com 
monly accompanies most computing systems. 
As a computer program evolves during the coding pro 

cess, accuracy becomes a particular problem due in part to 
the arcane syntax of programming languages in addition to 
the often cryptic grammar and/or spelling that is character 
istic of programmer-declared object entities in a computer 
program, such as variable names, parameter names, struc 
ture names, structure members, object names, object prop 
erty types, and the like. Not only must references to a 
declared entity be spelled correctly, the declared entity must 
also be used in the correct context and syntax if the resulting 
computer program is expected to compile Without errors 
and/or execute as intended. 

Examples of commercially available and Widely used 
programming languages include, but are not limited to, 
object oriented programming languages such Visual Basic or 
C++. Object oriented programming languages, as With most 
traditionally used high level programming languages, con 
tain types of programming language statements that can be 
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2 
grouped into tWo basic categories. The basic categories 
include, but are not limited to, operator embedded state 
ments and procedure calls. For example purposes only, 
object oriented programming language examples are the 
focus of the remaining discussion. 
An operator embedded statement includes at least one 

de?ned object entity that is used With varying combinations 
of unary, binary, and/or assignment operators. An object 
entity is a basic building block of an object oriented pro 
gramming language statement and typically includes a hier 
archical object name and member name format such as the 
folloWing: 

<object nalne><operator><member name> 

Where <object name> and <member name> are discrete 
hierarchical segments of an object oriented programming 
language structure. An <operator> is a character de?ned by 
the programming language syntax that in the present 
example separates, delineates and/or indicates a syntactic 
relationship, betWeen an object and a member of the object. 
Common examples of these delimiting type operator char 
acters include the dot “.” and the pointer “->” characters, in 
addition to the parenthesis “( )” and the square brackets “[]”. 

There are typically multiple objects de?ned in an object 
oriented computer program, any one of Which can be used 
for the <object name> segment of a programming language 
statement. For any given object identi?ed by <obj ectname>, 
there can be multiple members and/or levels of members 
that can be validly used for the <member name> segment of 
a programming language statement. A named member is 
often referred to as a property or method. A valid combina 
tion of <object name> and <member name> together de?ne 
an object entity that may be of any type including, but not 
limited to, a variable of some data type, a symbolic constant 
of some data type, or an array or structure or union, or any 
portion thereof. 

Sets of <object name> and <member name> object enti 
ties can be separated by or used in conjunction With opera 
tors that can include, but are not limited to, logical, bitWise 
logical, relational, arithmetic, or character manipulation 
operators, from the Well knoWn sets of unary, binary, and 
assignment operators that are common among programming 
languages. Unary, binary, and assignment operators can 
include the above identi?ed delimiter operators in addition 
to any one or combination of the set of characters {:—+*A!: 
<>/ One example of object entities used in an expression 
is the folloWing simple assignment statement: 

Where <value> is some object entity or constant having a 
data type that is compatible With the object entity de?ned by 
<object name> and <member name>. Another example of 
object entities used in an expression can include: 

<object entity 1><object entity 2>+<object entity 3> 

HoWever, With any of the above exemplary constructions of 
programming language statements, in addition to the variety 
of constructions not shoWn herein, at least one object entity 
must be constructed someWhere Within the programming 
language statement. It is the construction of even one object 
entity that presents the opportunity for typographical errors, 
incorrect syntax, and other human programmer introduced 
problems. 

Another fundamental category of programming language 
statement is the procedure call, also referred to as a function 
call. A procedure call can, but is not required to, include at 
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least one argument in an argument list. The terms argument 
and argument list are often used as synonyms With and/or 
mixed and matched With the terms parameter and parameter 
list. For purposes of this discussion the terms argument and 
argument list are used. An argument is another type of object 
entity in a programming language. The basic format of a 
procedure call typically includes a procedure name folloWed 
by a comma-separated argument list Within parentheses as 
folloWs: 

<procedure nalne>(<argurnent 1>, . . . 

n>) 
, <argument 

The argument list may include mandatory or optional argu 
ments or no arguments at all. If no arguments exist the 
parentheses may be present but empty or the parentheses 
may not exist at all. An argument can be an individual object 
entity or an expression as discussed above With embedded 
operators, or the argument can itself be a procedure call or 
an object having a selection of members to choose from. A 
common requirement of nested procedure calls is that the 
return value of the loWest level nested call must be returned 
so that a value exists for the argument that is the procedure 
call. 

HoWever, regardless of the number of arguments or the 
type of argument in an argument list for a given procedure 
call, each argument must resolve to a value of a speci?c type 
that is compatible With the argument de?nition. Further, 
each value for each argument must be located in a speci?c 
position in an argument list to avoid errors. It is the proce 
dure name and the type, order, and mandatory or optional 
nature of arguments for the procedure that present numerous 
opportunities for typographical errors, incorrect syntax, and 
other human programmer introduced problems. 

The di?iculty in Writing programming language state 
ments is that the programmer must remember the statement 
syntax in addition to the spelling of and selection of the 
member names that correspond to the named object. Even if 
the same programmer is declaring and later referencing an 
object or member name, it can be easy to forget the exact 
spellings When there are hundreds of objects and members 
named in a complex program. This problem is even more 
pronounced Where one programmer names an object and 
another programmer is expected to remember the cryptic 
name de?nition in an environment Where the tWo program 
mers may not even knoW each other and may even be in 
different countries. Thus, in either case if a programmer can 
not remember either the syntax, spelling, or selection 
options that are necessary to complete a given programming 
language statement, then the programmer must stop and 
either look up the information in an on-line help system, 
printed manual pages, or consult a helpful co-Worker Who 
may knoW the ansWer. HoWever, the result of having to stop 
to look up information is disruptive and very ine?icient. 
One solution to the above stated program generating 

problem is to simply enter programming language state 
ments as rapidly as possible With little concern for precision 
of syntax, spelling, or selection options. Once some number 
of programming language statements have been entered, the 
program can be compiled to use the compiler as a ?lter to 
?ag syntax, spelling, and option errors or incompatibilities. 
The programmer can then make an error correcting pass 
through the computer program to correct each error ?agged 
by the compiler and repeat the error ?ltering process as 
many times as is necessary until the program is complete. 
HoWever, this error ?ltering approach is extremely inef? 
cient and has the potential to introduce large quantities of 
errors that can be di?icult to distinguish in an overWhelming 
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4 
cascade of compiler errors. Further, some errors may escape 
the compiler altogether, only to be discovered as run time 
errors or logic errors. 

It is also a problem for a computer programmer to 
maintain a computer program, or portion thereof, that Was 
Written by another programmer or Was Written by the same 
programmer long enough ago that speci?c details may have 
been forgotten. This is a particular problem in large and/or 
complex programs. In either case it is necessary for the 
maintaining computer programmer to become quickly 
familiar With all aspects of the maintained program. This 
means that the programmer must look up all structures, 
names, argument lists, choices, variables, and declared con 
stants that are used in the body of a program Which can take 
hours or days of searching depending on the complexity of 
a program and availability of information. Thus, Working 
through unfamiliar computer programs can be a dif?cult and 
time consuming task. 

Existing programming language coding techniques rely 
on a programmer’s attention-to-detail, ongoing access to 
reference materials, peer code revieWs, and other inef?cient 
methods, none of Which lend themselves to generating 
and/or maintaining large amounts of complex programming 
language code With any level of ef?ciency and accuracy. For 
these reasons, there exists a long felt need for a program 
ming tool to assist the programmer in Writing and/or main 
taining a computer program accurately and ef?ciently. Such 
a solution has heretofore not been knoWn prior to the 
disclosure set forth and claimed beloW. 

SOLUTION 

The above identi?ed problems are solved and an advance 
ment made in the programming tool ?eld by the computer 
programming language statement building and information 
tool of the present invention. The present invention gener 
ates assist WindoWs that contain program related information 
for use by a programmer to construct a programming 
language statement and/or to obtain real time information 
about a programming language statement. Constructing a 
programming language statement is a process referred to as 
statement building. The assist WindoWs can be automatically 
displayed as determined by the tool itself. Alternatively, 
and/or in combination With the automatic features, a pro 
grammer can manually request that an assist WindoW be 
displayed on demand. The automatic display feature can be 
enabled and disabled independent of and Without inhibiting 
the manually requested assist WindoW display feature of the 
present invention. 
An assist WindoW displays tWo general categories of 

information including, but not limited to, selection menu 
information, and informational display. One important fea 
ture of the statement generating tool is that assist WindoWs 
are non-intrusive and can be ignored by the programmer by 
merely continuing to type an immediate programming lan 
guage statement at a present character position cursor loca 
tion Without interacting With the assist WindoWs. The assist 
WindoWs continue to appear, disappear, and/or update in a 
location proximate to but out of the Way of the present 
character position cursor location so long as the automatic 
assist WindoW display feature is enabled. 

Selection menu information in an assist WindoW includes 
any ?nite list of previously declared entities and/or entity 
types that can validly be included at the present character 
position cursor location in a programming language state 
ment. A selection menu includes at least one menu item. The 
set of the at least one menu item in a given selection menu 
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is de?ned by the portion of the programming language 
statement that immediately precedes the present character 
position cursor location. A menu item being displayed in a 
selection menu can be accepted by the programmer in a 
manner that results in the selected menu item being auto 
matically inserted into the immediate programming lan 
guage statement at the present character position cursor 
location Without the programmer having to type any or all of 
the characters of the selected menu item. Thus, a selection 
menu assist WindoW supplies information about a program 
ming language statement and the ability to build all or part 
of a programming language statement in a manner that the 
programmer can use or ignore individually or in combina 
tion according to the programmer’s immediate needs. 

The content of an informational display assist WindoW can 
include, but is not limited to, a map of the argument list 
options for a procedure call that is identi?ed by the present 
character position cursor location, speci?c values associated 
With de?ned constants in a programming language state 
ment, and general programming language statement help 
information. For example, an argument list for a procedure 
call can include a highlighted argument that indicates the 
present character position cursor location Within the argu 
ment list. The argument list may also include individual font, 
typeface, or additional characters to distinguish betWeen 
mandatory and optional arguments Within an argument list. 
The informational display assist WindoW displays procedure 
call arguments in argument list order accompanied by any 
options that may exist for each argument in the list. An 
individual argument that requires or Will accept a previously 
de?ned entry, may be selected from an overlapping selection 
menu as previously disclosed. Speci?c argument informa 
tion can include, but is not limited to, a name, type, 
selectable value, and/or default value. 
The information provided Within any of the above iden 

ti?ed assist WindoWs supplies the programmer With just 
enough information to complete the immediate segment of 
a programming language statement Without having to enter 
additional characters to complete the programming language 
statement, and Without having to pause and consult notes or 
manual pages, or to recall details, to decide What segment of 
the programming language statement is required next. The 
result is increased programmer productivity due to the 
accuracy and speed in Which programming language state 
ment can be produced on a ?rst attempt. This advantage is 
realiZed for a single programmer Who is generating all 
modules or objects of a computer program alone, and more 
particularly When multiple programmers are each separately 
generating a feW modules or objects in a very large and/or 
complex softWare system Where one programmer has no 
idea of the spelling or selection of named entities de?ned by 
another programmer. 

Automated assist WindoWs appear based on a determina 
tion of the possible choices that exist in vieW of the 
programming language statement characters and/or identi 
?ers immediately preceding the character position cursor. A 
continuous high-level compilation occurs as each character 
in each line of programming language code is entered so that 
symbols, labels, and names can be instantly resolved for the 
immediate programming language statement Whether the 
de?ned entity being referred to is a local program de?nition 
or a global library de?nition. Alternatively, manually 
invoked assist WindoWs appear on demand based on a user 

request. The information displayed in an assist WindoW is 
determined by ?rst parsing the programming language string 
proximate to the present character position cursor. From the 
tokens of the parsed programming language string, the 
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6 
system then determines the type of programming language 
statement that exists, and any information that might be 
displayed about the immediate programming language state 
ment. In the preferred embodiment the parsing is done as a 
reverse parse, hoWever, any parsing technique can be used. 

The statement generating and information tool is operable 
in any computing environment in the range of environments 
from a personal computer to a Workstation and mainframe, 
provided that the computing environment supports a pro 
gramming language compiler either directly or by Way of a 
netWork connection. In a typical embodiment the computing 
environment is a general purpose personal computer having 
a WindoWs based operating system and programming lan 
guage compiler running on a typical processor that is 
operatively attached to a input/output devices including but 
not limited to a display screen, keyboard, and mouse. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 illustrates a block diagram of an exemplary com 
puting environment in Which the present invention can be 
implemented; 

FIGS. 2-6 illustrate a stepWise progression of selection 
menu assist WindoWs in screen display form; 

FIGS. 7-9 illustrate a stepWise progression of informa 
tional display assist WindoWs in screen display form; 

FIG. 10 illustrates an overvieW of the assist WindoW 
operational steps in How diagram form; 

FIG. 11 illustrates an overvieW of the automated assist 
WindoW operational steps in How diagram form; 

FIG. 12 illustrates details of a commit key operation in the 
context of the automated assist WindoW operational steps in 
How diagram form; and 

FIGS. 13A and 13B illustrate an overvieW of the manually 
requested assist WindoW operational steps in?oW diagram 
form. 

DETAILED DESCRIPTION 

Exemplary Computing EnvironmentiFIG. 1 
FIG. 1 illustrates a block diagram example of a general 

purpose computer system 100 that is suitable for use With the 
present invention. HoWever, the present invention is oper 
able in any of the several computing environments that can 
include a variety of hardWare, operating systems, and pro 
gram modules that are all commercially available in the 
industry. Program modules include, but are not limited to, 
routines, programs, components, data structures, and the like 
that perform particular tasks and/or implement particular 
abstract data types. Moreover, persons skilled in the art 
appreciate that the invention can be practiced With other 
computer system con?gurations including, but not limited 
to, hand-held devices, netWork computers, multiprocessor 
based systems, microprocessor-based or other general pur 
pose or proprietary programmable consumer electronics, 
minicomputers, mainframes, and the like. The present 
invention may also be practiced in distributed computing 
environments Where tasks are performed by remote process 
ing devices that are linked through communications net 
Works. In a distributed computing environment, program 
modules may be located in and/or executed from local 
and/or remote memory storage devices. 
The present invention and any other necessary pro 

grammed instructions and/or commands are executable on 
processor 102. Processor 102 stores and/or retrieves pro 
grammed instructions and/or data from memory devices that 
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can include, but are not limited to, Random Access Memory 
(RAM) 110 and Read Only Memory (ROM) 108 by Way of 
memory bus 152. Another accessible memory device 
includes non-volatile memory device 112 by Way of local 
bus 150. User input to computer system 100 is entered by 
Way of keyboard 104 and/or pointing device 106. Human 
readable output from computer system 100 can be vieWed on 
display 114 or in printed form on local printer 115. Alter 
natively, computer system 100 is accessible by remote users 
for purposes that can include debugging, input, output 
and/ or generating human readable displays in printed and/or 
display screen output form, or any other output form, by Way 
of a Local Area Network (LAN) or Wide Area Network 
(WAN) 116. 

Selection Menu Assist WindoWsiFlGS. 2-6 
FIGS. 2-6 illustrate a stepWise progression of display 

screen snapshots for an operator embedded programming 
language statement that is being constructed by a program 
mer using a typical object oriented programming language. 
The type of assist WindoW most commonly used to facilitate 
the construction of an operator embedded programming 
language statement is called a selection menu assist WindoW. 
The examples discussed and/or referred to in this document 
are generic object oriented programming language state 
ments. HoWever, the present invention can be implemented 
Within the structure of any programming language and no 
limitation is intended or implied by the object oriented 
examples herein. 
A selection menu assist WindoW itself, as With any type of 

assist WindoW, is the visual user interface component that 
makes the present invention particularly useful to a pro 
grammer Who is generating, modifying, or revieWing a 
computer program. A selection menu is a drop-doWn style 
WindoW that is a common WindoW user interface feature. A 
drop-doWn WindoW is also knoWn as a pop-up menu or 
pop-up WindoW, and typically includes standard WindoW 
features such as over?oW text slide-bars, default selection 
highlighting, random pointing device menu manipulation 
and selection control, and keyboard directional arroW key 
menu manipulation and enter key selection control. 
A selection menu assist WindoW displays a ?nite list of 

syntactically valid menu items that are based on previously 
de?ned object entities. Each menu item in a given selection 
menu assist WindoW is also only applicable to the immediate 
section of the programming language statement that is 
proximate the character position cursor on the programmer’ s 
display screen. Choosing from the ?nite list of menu items 
saves the programmer from having to independently recall 
the list of valid possibilities that can be used to complete an 
immediate section of a programming language statement. 
Choosing from the ?nite list of menu items also saves the 
programmer from having to manually enter each keystroke 
of an immediate section of a programming language state 
ment and minimiZes the chances that the programmer might 
inadvertently enter a typographical error into a programming 
language statement. 
Amenu item from a selection menu assist WindoW is used 

to build part of a programming language statement if the 
menu item has been selected and committed. A menu item 
is said to have been selected if menu item for use in the 
immediate programming language statement by Way of a 
WindoWs based screen pointing device such as a mouse for 
example, or by positioning a present menu item indicator bar 
such as a highlight bar over the desired menu item using 
keyboard directional keys. Accepting a highlighted selec 
tion, also knoWn as committing, is accomplished by engag 
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8 
ing any one of a set of prede?ned commit keys such as a 
{Space} or {Enter} key, or the dot “.” character. The set of 
prede?ned commit keys includes any character that func 
tions as a delimiter in a programming language statement 
and is programming language speci?c. Common delimiter 
type commit keys can include, but are not limited to, 
{Enter}, {Space} and any one ofthe set of {.:,()+—*A<>:!}. 
In the context of the present invention, a commit key serves 
no commit function at all if the selected menu item is not 
also highlighted. The assist WindoW can be removed from 
vieW on the display screen by pressing the {Escape} key or 
by moving the character position cursor. 
A menu item in a selection menu can also be entered into 

a programming language statement by anticipation typing a 
suf?cient number of characters to uniquely correspond to 
only one menu item. When enough characters are entered for 
an exact match, the corresponding menu item is automati 
cally used to replace the immediate section of the program 
ming language statement When a commit key is entered. 
Regardless of the type of entities listed in the selection 
menu, a selection menu assist WindoW is displayed in a 
preferred embodiment proximate to the present character 
position cursor location. The contents of a selection menu 
assist WindoW is determined by reverse parsing and/or 
continuous partial compiling of the existing program and 
that portion of the programming language statement frag 
ment that precedes the character position cursor. 

FIG. 2 illustrates an example of a programming language 
edit display WindoW 200 as it might appear at time T1 on the 
display screen of a personal computer. For purposes of this 
example, assume that a programmer is Writing a computer 
program comprised of programming-language statements 
201 that, among other things, de?ne an object having the 
name mytext as a standard TextBox type supported by the 
programming language. The object of the present discussion 
is the programming language statement 210 that begins With 
the member name mytext 211. The operational purpose of 
programming language statement 210 is to change the font 
of the object mytext 211 into underlined text. FIG. 2 
illustrates the time When the programmer has typed the 
characters mytext 211 in the programming language state 
ment 210 so that the character position cursor 202 is at the 
character position folloWing the last character of mytext 211. 

FIG. 3 illustrates the programming language edit display 
WindoW 200 from FIG. 2 at a neW time T2. At time T2 the 
programmer has typed the member access separator char 
acter 212, in the present case the dot “.” character, folloWing 
the last character of the object name mytext. In response to 
typing the member access separator character 212, the 
statement building tool of the present invention determines 
the set of menu items that correspond to the object type 
mytext and a selection menu assist WindoW 220 is displayed 
proximate the present character position cursor 202. The 
selection menu assist WindoW 220 contains a set of menu 

items 221-227, any one of Which can be validly included in 
the present programming language statement at the imme 
diate location of character position cursor 202. Each of the 
set of menu items 221-227 has a member type, such as a 
property member type, a method member type, or a constant 
member type. The member type for a given menu item is 
identi?ed by a bitmap that is adjacent to the menu item. For 
menu item 221 for example, there exists a bitmap 230 and 
a member name 231 of Alignment. The member type for 
each of the set of menu items 221-227 in the FIG. 3 example 
are all a property type. The member name 231 is the present 
menu item as identi?ed by the present menu item indicator 
223. The present menu item indicator 223 notes the present 
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menu item from among the set of visible menu items 
221-227 by a broken line enclosure. 

The programmer can scroll through the set of menu items 
221-227 using either the standard keyboard directional keys 
{Up}, {DoWn}, {Page Up}, and {Page DoWn}, or by using 
the WindoW scroll buttons 240-241 and/or scroll bars 242. 
Note that the selection menu assist WindoW 220 is only large 
enough to display the set of menu items 221-227 and that the 
purpose of the scroll feature is because at least one more 
menu item might exist outside the immediate vieW of the 
present WindoW and the menu items must be scrolled up or 
doWn to see any out-of-vieW menu items. Committing one 
of the set of menu items 221-227 is accomplished by 
pressing the {Control-Enter} or {Tab} keyboard keys When 
the desired menu item is highlighted, or by double clicking 
the desired menu item using the selection button on a screen 
pointing device. In either case, the selected menu item is 
inserted into the programming language statement 210 from 
the present location of the character position cursor 202. Any 
text betWeen the last delimiter and the character position 
cursor is replaced by the menu item. 

FIG. 4 illustrates a second set of previously out-of-vieW 
menu items 410-416 at a time T3 Within selection menu 
WindoW 220. The previously out-of-vieW menu items 410 
416 are revealed by either the traditional scrolling methods 
as previously disclosed, or by anticipation typing as dis 
closed beloW. Anticipation typing is useful in the situation 
Where the programmer knoWs the name or at least the ?rst 
character of the desired menu item and causes the desired 
menu item to “scroll” into vieW by typing at least the ?rst 
character of the desired menu item. 

Starting from FIG. 3, the programmer can vieW the set of 
menu items 221-227 in selection menu assist WindoW 220. 
Without moving from the traditional touch typing hand 
position, the programmer can enter the character “f” 420 at 
the present character position cursor location 202, Which 
results in an automatic search of the complete set of menu 
items 221-227 and 410-416 to locate the ?rst menu item in 
the alphabetic list that begins With the character “f” 420 
otherWise no scrolling occurs. FIG. 4 illustrates the result of 
the automatic search. 

The highlighted menu item 410 is the ?rst menu item in 
the complete set of menu items that begins With the character 
“f” 420. Although there are other menu items 413-416 that 
begin With the same character, only the ?rst in the list is 
highlighted. The highlighted menu item 410 is the selected 
menu item that can be committed as previously disclosed by 
pressing a commit key such as the {Ctrl-Enter} or {Tab} key 
or any other designated commit key. If the commit key is a 
delimiter character, then the commit key is included as part 
of the programming language statement in addition to com 
mitting the menu item. A non-delimiter commit key is not 
included as part of the programming language statement. A 
selected menu item can also be committed by double click 
ing the select key on a mouse While the directional screen 
pointer is pointing to the desired menu item. The set of 
designated commit keys can vary from programming lan 
guage to programming language and can include, but is not 
limited to, any keyboard key or combination of keys. 
Commit keys can also be special characters. For example, 
commit keys in a Visual Basic programming language can 
include the {Enter} and {Space} keys in addition to any one 
of the characters in the set of delimiter type commit keys 
such as {.:,()+—*A<>:! and Pressing a delimiter type 
commit key When a menu item is not highlighted does not 
select the menu item. In other Words, the input focus of a 
selection menu assist WindoW 220 is only active When a 
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10 
menu item is highlighted. For this reason, the programmer 
can proceed to “type through” the presence of the selection 
menu assist WindoW 220 Without taking advantage of or 
experiencing interference from an assist WindoW. A loW 
lighted menu item is one that is outlined or otherWise 
distinguished from ordinary text to indicate a present menu 
item, but not a selected or committed menu item. A high 
lighted menu item is a selected menu item that is signi? 
cantly distinguished from the hue or intensity of a loW 
lighted item. 

If the highlighted menu item 410 is not the desired menu 
item, the programmer has the choice of either scrolling 
through the menu items near the highlighted menu item 410, 
or the programmer can type additional characters at the 
character position cursor 202 until a su?icient number of 
characters exist to force the statement building tool to 
automatically select the desired match. Once a menu item is 
selected, the selected menu item is inserted into the pro 
gramming language statement 210, replacing any anticipa 
tion typed characters that exist at the character position 
cursor 202. The selection menu assist WindoW 220 then 
disappears from the programming language edit WindoW 
200. Alternatively, the selection menu assist WindoW 220 
can be removed from the programming language edit Win 
doW 200 at any time by pressing the {Escape} keyboard key 
or by horizontally moving the character position cursor. 

If the statement building tool does not identify an exact 
menu item match from the anticipation typed characters 
input by the programmer, then the resulting narroWed list of 
menu items assist the programmer in quickly identifying and 
selecting the desired menu item by Way of the scrolling and 
selection methods previously disclosed. However, the best 
alphabetic match can be committed by pressing the {Ctrl 
Enter} or {Tab} keyboard keys. For example, if the pro 
grammer had typed the characters fontbl as the anticipation 
typing characters in programming language statement 210 of 
FIG. 4, the selection menu assist WindoW 220 Would scroll 
to and loWlight select menu item 411 FontBold as the present 
menu item having the best available alphabetic match. The 
present menu item 411 can then be committed by pressing a 
non-delimiter commit key such as the {Tab} keyboard key. 
A delimiter type commit key can not be used because the 
present menu item is a loWlight selection and a commit by 
Way of a delimiter character requires a highlight selected 
menu item. Requiring the highlighted selection requirement 
facilitates the programmer’s ability to type-through any 
assist WindoW. 

FIG. 5 continues the present example at a time T4 by 
assuming that the programmer has used the delimiter com 
mit key dot “.” 511 to accept the menu item Font 510 into 
programming language statement 210. Thus at time T4, the 
statement building tool automatically determines by Way of 
continuous partial compiling, that the incomplete program 
ming language statement mytext.font is an object of the Font 
type and that a second selection menu assist WindoW 530 is 
required to display a neW set of menu items 531-537 that 
correspond to the previously de?ned Font type object. The 
programmer can select one of the set of menu items 531-537 
in a manner as previously disclosed in the text accompany 
ing FIG. 4. 

FIG. 6 illustrates that Underline 610 Was committed as 
part of programming language statement 210 by using the 
delimiter commit key equal “I” 611. Once the programming 
language statement 210 is completed up to the present 
character position cursor location 202 in FIG. 6, the state 
ment building tool once again automatically determines by 
continuous partial compiling that the incomplete program 
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ming language statement mytext.font.underline:resolves to 
a Boolean data type and that a third selection menu assist 
WindoW 640 is required to display the list of valid menu 
items 641-642 for this data type. In the present case the only 
Boolean choices that can be used to complete the program 
ming language statement 210 are either true 641 or false 
642. The desired menu item 641 or 642 can be committed as 
part of programming language statement 210 in the manner 
previously disclosed in the text accompanying FIGS. 4-5. 

Without using the statement building tool to help generate 
a complete programming language statement such as 
mytext.Font.Underline:True, the most ef?cient programmer 
can only complete the statement by accurately typing at least 
about 26 keystrokes While remembering the selection, order, 
and syntax of the available property types. However, using 
the statement building tool to help generate a complete 
programming language statement such as 
mytext.Font.Undedline:True, a programmer need only type 
at or about 12 keystrokes and remember or otherWise look 
up almost none of the selection, order, and/or syntax of the 
available property types needed to complete the program 
ming language statement. Not only are feWer keystrokes 
required, the programmer can selectively use Whichever of 
the unobtrusive assist WindoWs containing real time remind 
ers relevant to each keystroke to quickly further the imme 
diate programming language statement toWard error free 
completion. 

The statement building tool can be customiZed by the 
programmer to include any type and/or scope of program 
information that Would be useful to the programmer. Typi 
cally, it is most desirable to limit the type and/or scope of 
program information that the statement building tool 
includes in any one assist WindoW so that the programmer is 
not overWhelmed With information. For example, the types 
of program information that can be included in any one 
assist WindoW include, but are not limited to, global vari 
ables, global functions, and global constants that may each 
be used from any procedure or module in a multi-module 
program. In addition, there are variables, functions, and/or 
constants that are only available or local to a given program 
procedure or module. Depending on the scope of the pro 
gram being completed by the programmer, the programmer 
might Want to limit the available assist WindoW information 
to certain combinations of global, local, and/or sub-local 
variables, functions, and/or de?ned constants. Additional 
assist WindoW information might include, but not be limited 
to, local or global structure or label names, conditional 
compilation constants Within #lF and #Elself structures, lists 
of classes With implementable interfaces, event names, the 
subset of all types having event interfaces, the subset of all 
types themselves, and/or the names and/or types that are 
used to qualify a type. 

Informational Display Assist Windows-FIGS. 7-9 
FIGS. 7-9 illustrate an exemplary progression of an 

informational display assist WindoW as it Would appear 
during construction of a procedure call argument list. Other 
miscellaneous types of program information can be dis 
played by informational display assist WindoWs as is dis 
closed in the text accompanying FIGS. Xxx. 

FIG. 7 illustrates an edit display screen 700 that contains 
numerous programming language statements 710, 720, and 
730 at a time T1. The programming language statements 710 
declare an enumerated Enum type of property or method 
MyColor having three members including blue, green, and 
red. Programming language statement 720 declares a pro 
cedure of type MyProc having three arguments 721-723 that 
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comprise an argument list. The ?rst argument 721 is a 
mandatory argument String, the second argument 722 is a 
mandatory argument MyColor, and the third argument 723 
is an optional argument Integer as noted by the square 
bracket enclosure. The optional argument Integer includes a 
default value of 2. 
The programming language statements 730 are the body 

of a procedure called MainProc that begins at programming 
language statement 731. In response to the programmer 
typing MyProc as the ?rst characters of programming lan 
guage statement 732 the statement building tool automati 
cally identi?es MyProc as a previously declared procedure 
call. In response to identifying the procedure being called, 
the statement building tool generates an informational dis 
play assist WindoW 740 containing the corresponding argu 
ment list for the called procedure. In addition, the statement 
building tool of the present invention highlights the argu 
ment that corresponds to the present position of the character 
position cursor 732 Within the argument list. 

In the FIG. 7 example, the ?rst argument 741 in infor 
mational display assist WindoW 740 is highlighted so that the 
programmer is automatically reminded of the type, order, 
and details of the argument Within the argument list. Dis 
playing the entire argument list, the present argument in 
highlighted form, and the details of each argument all Within 
a single assist WindoW is key to assisting the programmer 
toWard quickly and accurately completing a procedure call 
type programming language statement. Displaying the argu 
ment list and highlighting the present argument eliminates 
the need for the programmer to look up or remember the 
order, type, syntax, or substantive details of any argument. 
In alternative embodiments an optional argument can be 
noted by a distinguishing color or font type or any other 
distinguishing indicia other than square bracket enclosures. 

FIG. 8 illustrates procedure call 732 at time T2 With a ?rst 
argument value Smith 810 already in place. Note that in the 
present example the ?rst argument 741 is a string type and 
because no previously declared values exist for this argu 
ment, the programmer must have manually typed the desired 
character string Smith. Pressing the Comma, 811 commit 
key folloWing the value Smith causes an update in the 
informational display assist WindoW 740 so that the second 
argument 742 is highlighted to indicate the present location 
of the character position cursor 732 Within the argument list. 
Because the second argument 742 is a de?ned type com 
prised of three color members, a selection menu assist 
WindoW 850 is generated and overlaid on the informational 
display assist WindoW 740. The selection menu assist Win 
doW 850 contains three menu items 851-853 that the pro 
grammer can choose from to complete programming lan 
guage statement 740 in a manner as previously disclosed in 
the text accompanying FIGS. 2-6. The selection menu assist 
WindoW 840 is designed to disappear once a menu item is 
committed or the Escape key is pressed. 

FIG. 9 illustrates a time T3 Where the second argument 
value blue 910 has been committed by using the Comma “,” 
911 commit key. The result of committing a value for the 
second argument 742 is that the assist WindoW 740 is 
updated so indicate that the third argument 743 corresponds 
to the present location of the character position cursor Within 
the argument list being constructed in the procedure call 
732. The third argument 743 is optional as indicated by the 
square brackets in the present example. A value for an 
optional argument can be committed or ignored as deter 
mined by the programmer. In the present example, because 
the third argument 743 has a default value “2”, ignoring or 
failing to provide a value Will result in the default value of 
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“2” being used. However, if an alternative value is manually 
entered as in the present example Where the value “5” is 
entered as the argument value 912, then the manually 
entered value is used in the procedure call 732. When values 
for each argument in procedure call 732 are present at a time 
T4, the informational display assist WindoW 740 disappears. 

Note that not only can a selection menu assist WindoW 
overlay an informational display assist WindoW as illustrated 
in FIG. 8, a second informational display assist WindoW can 
overlay a ?rst informational display assist WindoW if one of 
the arguments in the ?rst procedure call is itself a procedure 
call. As a value or menu item is committed or otherWise 
entered for each level of nested calls, the last active assist 
WindoW is replaced With the next level of assist WindoW. The 
number of nesting levels and/or combinations of assist 
WindoWs are limited only by the programming language 
itself. 

Another general use of an informational display assist 
WindoW is When a programmer returns to a previously 
completed programming language statement and places the 
character position cursor someWhere Within the program 
ming language statement. By manually requesting informa 
tion about the object entity on Which the character position 
cursor rests, the statement building tool Will display any 
information that is relevant to that point in the programming 
language statement. For example, if it is desirable for a 
programmer to revieW the value of a de?ned constant that is 
being used in a given programming language statement, then 
all the programmer must do is place the character position 
cursor Within the characters of the de?ned constant and the 
constant’s de?ned name and value are displayed in an 
informational display assist WindoW. The statement building 
tool can determine the value of the de?ned constant by 
partial compilation. The statement building tool can deter 
mine that the object is a de?ned constant by reverse parsing 
the programming language statement. 

Another use of an informational display assist WindoW is 
to manually request a display of the menu items for an object 
entity Within a programming language statement. A neW 
menu item can be committed if desired to modify the 
programming language statement. 

Operational StepsiFlGS. 10-13 
FIGS. 10-13 illustrate the operational steps in How dia 

gram form for the statement generating and statement infor 
mation tool. Speci?cally, FIG. 10 illustrates the statement 
generating tool overvieW in How diagram form. FIG. 11 
illustrates details of the automatic statement generating 
operational steps in How diagram form. FIG. 12 illustrates 
details of commit key operational steps in How diagram 
form. FIG. 13 illustrates details of manually requested assist 
WindoW displays in How diagram form. 

The FIG. 10 overvieW starts at step 1008 and proceeds to 
step 1010 Where the statement building tool initialiZes a 
programming language editing tool for use by the program 
mer. The programming language editing tool is a WindoWs 
based application that has a multitude of user customiZable 
operational options that each have a default setting if not 
modi?ed by the user. The threshold option is Whether the 
statement building tool’s automatic operation feature is 
enabled or disabled. The operational options can include, but 
are not limited to, running the statement building tool With 
the automatic mode enabled or disabled, and de?ning cus 
tom hot-key combinations for manual statement building 
tool requests. 

The automatic and manual features of the statement 
generating tool are accessed from branch point 1015 Way of 
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branches 1020 or 1030 respectively. Both the automatic and 
manual features can be activated and/or inactivated at any 
time by entering available hot-key or menu selection com 
mands. Further, the automatic and manual features are not 
mutually exclusive and can therefore be used independently 
from each other or simultaneously With each other. 
On the automatic feature branch 1020, if it is determined 

at decision step 1021 that the automatic statement building 
features are inactive, then no automatic statement building 
activities Will occur and processing continues at step 1028. 
Alternatively, if it is determined at decision step 1021 that 
automatic statement building features are activated, then the 
automatic features begin their continuous statement building 
processes at step 1023. Details of the automatic statement 
building operational steps are disclosed in the text accom 
panying FIG. 11. 

If at decision step 1026 it is determined that it is desirable 
to inactivate the automatic features of the statement gener 
ating tool then the automatic features of the statement 
generating tool quit operating at step 1028. Alternatively, if 
it is determined at decision step 1026 that the automatic 
features of the statement generating tool Will continue 
operating, then the automatic statement building tool 
remains active and processing continues at step 1023. 
On the manual feature branch 1030, if it is determined at 

decision step 1031 that no manual statement building fea 
tures are requested by the user, then processing continues at 
step 1038 Without any action taken. Alternatively, if it is 
determined at decision step 1031 that manual statement 
building features are requested, then the requested manual 
feature is activated at step 1033. Details of the manual 
statement building operational steps are disclosed in the text 
accompanying FIG. 13. 

If at decision step 1036 it is determined that no additional 
manual statement building requests exist, then the manual 
features of the statement generating tool quit operating at 
step 1038. Alternatively, if it is determined at decision step 
1036 that additional manual statement generating tool 
requests exist, then manual statement building tool request 
processing continues at step 1033. 

FIG. 11 illustrates the details of the automatic statement 
building operational steps from step 1023 of FIG. 10. 
Processing begins at step 1108 and proceeds to step 1110 
Where the automatic statement generating tool features are 
initialiZed and the tool begins a continuous symbol-level 
compilation of programming language statements that 
already exist and/or are being entered in real time. A 
symbol-level compilation is a high level compilation that 
resolves symbols, labels, aliases, and the like, but does not 
compile the programming language statements to the extent 
of generating machine executable object code. The purpose 
of a continuous-symbol-level compilation is to facilitate the 
real time availability of a set of object cntitics and/or other 
program related information that is based on previously 
de?ned programming language statements, global symbols, 
accessible libraries, and/or other linked modules. 
At step 1118, the statement generating tool Waits for and 

reads the next character or command that is input by the user. 
A character includes any alphabetic, numeric, or special 
character that is part of a programming language statement. 
A command may be a character that is entered in a speci?c 
contextual situation, an administrative or WindoW manipu 
lation command, or a substantive feature command. Pro 
ces sing the input commands and/ or character input comprise 
the remainder of the FIG. 11 operational steps. 

If it is determined at decision step 1125 that a substantive 
statement generating tool feature command has been 










